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Abstract 
The bearing strength of pin loaded woven glass-fiber reinforced epoxy composites was investigated. To understand the effect of 
manufacturing methods on bearing strength of pin loaded composites, specimens manufactured using Vacuum Assisted Resin 
Transfer Moulding (VARTM) and Hand Lay-up methods were tested under tensile loading. In addition, the effect of geometrical 
parameters such as diameter of pin-hole (d), edge distance to pin hole diameter ratio (e/d) and, width to pin-hole diameter ratio 
(w/d) on the bearing strength of pin loaded composites were studied. It was observed that specimens manufactured using VARTM 
method sustained more load compared to the specimens manufactured using Hand Lay-up method. Geometrical parameters found 
to be very effective on failure modes, bearing strength and magnitude of sustained load.   
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1. Introduction 
  Composites have superior strength-to-weight ratios and excellent fatigue resistance compared to many traditional 
materials. There are many manufacturing techniques used in composite industry [1-3]. Compression moulding, 
prepreging, vacuum moulding, pultruding, filament winding, and resin transfer moulding [4] are just a few of the 
current options.        
The hand lay-up [5] manufacturing technique is one of the common methods to combine resin and fabric 
components. In this process, fiber reinforcement is manually inserted into a single-sided mould, where resin is then 
forced through the thickness of the fiber mats using hand rollers. A primary advantage to the hand lay-up technique is 
its ability to fabricate very large, complex parts with a quick initial start-up. Additional benefits to the process are 
simple equipment and tooling that are relatively less expensive than required by other manufacturing. Hand lay-up’s 
first disadvantage is that the process is labor intensive, which can result in high cycle times and a low volume output 
of parts. The nature of the hand lay-up process may also result in parts with inconsistent fiber orientations. Another 
drawback inherent to hand lay-up is its yielding of laminates of variable thickness. This presents a problem in hand 
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lay-up because its dimensional tolerances often yield composites of non-uniform fiber volume and mechanical 
strength.
Another composite manufacturing technique is called Vacuum Assisted Resin Transfer Moulding (VARTM) [6]. 
This technique is an infusion process for making fiber reinforced polymer composites, in which vacuum draws resin 
into one sided mould. In comparison to hand lay-up, the equipment and material necessary for VARTM is more 
expensive. In hand lay-up, the minimal equipment required is a one-sided mould, the resin applying rollers and the 
resin removing squeegees, while VARTM requires additional equipment and tooling material. Another challenge 
facing VARTM is that resin flow can be difficult to predict, resin flow around corners and through joints is not easily 
predicted because locally high fiber volumes in these regions can drastically change mould fill behaviour. The 
advantages of the VARTM despite its limitations, it has much lower cycle times and higher volume outputs. This 
method also produces parts with a higher degree of repeatability.  
The joints are the critical component of composite structures. The joints connect laminate sections together; 
provide mechanisms for the inclusion of secondary structures, such as fittings, ribs, bosses, and dividers; and connect 
the composites to surrounding structures. Typically, there are two basic joining methods mechanical and adhesive. 
These are generally used independently in each joint, but can be combined to achieve special benefits. Due to the high 
stress concentrations generated at joints, they are prone to failure.   
Although the VARTM and the hand lay-up methods are two of the most common manufacturing techniques used in 
composite industry, their influence on the bearing strength of pin loaded composites have not been studied yet. In this 
study, effect of VARTM and hand lay-up manufacturing methods on the bearing strength of pin loaded composites 
was investigated. In addition, the effect of geometrical parameters on bearing strength and failure modes were studied. 
2. Experimental procedure 
The composite material used in this research was manufactured using plain weave E-glass fabrics (Hex Force 7500) 
with 319 g/m2 of weight and 0.3 mm thickness. The matrix material was 125 Resin/229 hardener laminating epoxy 
resin and supplied by Pro-Set. The composite was processed and machined in the materials laboratory of New York 
City College of Technology. Vacuum Assisted Resin Transfer Moulding (VARTM) and hand lay-up method were 
used for manufacturing. These composites are named as Type-1 (manufactured via VARTM) and Type-2 
(manufactured via Hand Lay-UP) composites throughout the text. Ten layers of E-Glass plain woven fabric were 
stacked in both manufacturing techniques. All ten fabrics had 0o/90o fiber orientation. The fiber volume fraction 
obtained was around 55% for both types of specimens. The final thickness of the composite panels was 3±0.2 mm. It 
should be noted that the composite manufactured using VARTM had very uniform thickness throughout the panel. 
However Type-2 composite’s thickness slightly varied throughout the panel. Therefore the tolerance of ±0.2mm is 
reported here. In order to obtain the best tensile properties, suggested by manufacturer, the specimens were first cured 
at room temperature for 15 hours and then at 83oC for 8 hours. The composite specimens with four different hole 
diameters: 6mm, 7.5mm, 9mm and 10.5mm were manufactured. For each diameter, four specimens with the edge 
distance (e) of 31.75mm, 25.4mm, 19.05 and 12.7mm were prepared. Specimens with sixteen different e/d ratios and 
four different w/d ratios were obtained. The experiments were conducted using Instron 3369 tensile machine and 
according to the ASTM D953. The lower side of the composite specimen was clamped by the grip and upper side is 
loaded by the steel pin. The steel fixture was used for clamping upper part of the system. All of the tests were 
conducted at cross-head speed of 1 mm/min. The load–pin displacement diagrams for all configurations were recorded 
and plotted by a computational  measurement system for each type of specimen. The tensile tests were repeated three 
times for each type of specimen. Fig.1 shows the experimental set-up used during testing (a) and the geometry of 
tested specimen (b). 
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(a)                                                               (b) 
Fig.1 (a) Experimental set-up; (b) specimen geometry  
3. Results and discussions 
3.1 Force-Displacement Relations 
 
During the tensile test of joints, the composite shows resistance to the load applied by the pin. When the level of 
the load exceeds the capacity of the composite, the linear portion is followed by a drop that represents the first damage 
initiation in the composite. Figure 2 shows the force-displacement relations of composites with w/d ratios of 4.23. The 
force-displacement of Type-1 composites began with linear increase and continued with a plato which was varying in 
wide bandwidth. On the other hand, the force-displacement relations of Type-2 specimens started with linear increase 
at the beginning and continued with second increasing part with the lower angle of slope. In second part the force did 
not vary as much as that was observed during testing of Type-1 composites. The first damage initiation in Type-1 
specimens was observed at 3500-4000 N. This level was 2000-2500 N for Type-2 specimens. The sudden drops 
observed during the tensile test of TYPE-1 specimens did not exist at the force-displacement relations of TYPE-2 
specimens. The decreasing e/d ratio resulted in decreased sustained force magnitude in both types. The magnitude of 
sustained load by Type-1 specimens was higher than that of Type-2 specimens. During the tests of composites with e/d 
ratios of 5.3, 4.23 and 3.17, bearing failure mode was observed, hence the force-displacement relations of these tests 
did not show zero force at the end of the curve. The specimens with e/d ratios of 2.12 exhibited shear-out failure 
mode, hence drops at force–displacement relations were observed. While the Type-1 specimen completely failed at 
5.7mm displacement, Type-2 specimen failed at 4.7 displacements. 
The composites with w/d ratios of 3.39 exhibited very similar pattern with the composite of 4.23 w/d ratios. Only 
e/d ratios of 1.69 resulted in shear-out failures. During the test of composites with remaining three e/d ratios, bearing 
failure mode was observed. The force-displacement relations of Type-2 specimens varied in a wide bandwidth 
following the linear increase.  
During the tensile tests of composites with w/d ratios of 2.82 Type-1 and Type-2 specimens exhibited very distinct 
force-displacement relations. The linear increase at the beginning was followed by the second linear increase with 
smaller angle of slope and then failure was observed. The net-tension failure of Type-1 specimens with e/d ratios of 
3.52, 2.82 and 2.12, exhibited very sharp drops at force-displacement histories at approximately 4 mm cross-head 
displacement. The combination failure (Shear + Net-Tension) mode of composite with e/d ratios of 1.41, resulted in 
decrease at force-displacement histories but the drop was not as sharp as that was observed during net-tension failure 
mode. The bearing failure mode was observed during the test of Type -2 specimens with e/d ratios of 3.52 and 2.82. 
The failure mode was shear-out during the test of Type-2 composites with e/d ratios of 2.12 and 1.41. The Type-1 
specimens with w/d ratios of 2.37 exhibited bearing failure modes when e/d ratio was 3.02 and linear increase at the 
beginning is followed by second linear increase with smaller angle of slope. The next e/d ratios of 2.42 and 1.81 
exhibited net-tension failures. The last e/d ratio of 1.2 resulted in combination failure mode (Shear + Net-Tension) and 
gradual decrease at force-displacement relations was observed during the failure. During the tensile test of Type-2 
specimens, bearing failure mode for e/d ratios of 3.02 and 2.42, shear-out failure mode for e/d ratios of 1.81 and 1.20 
were observed. 
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3.2 Failure modes 
When the mechanical joints are exposed to tensile loading, four types of failure modes, cleavage, bearing, shear-
out, and net-tension are observed. A combination of these four types of failure is also possible. Decreasing e/d and w/d 
ratios resulted in failure modes in the order of bearing, net-tension, shear out and combination (shear + net-tension) for 
the specimens manufactured via VARTM. On the other hand, only two types of failure modes-bearing and shear-out 
were observed during the testing of hand laid up specimens. It should be noticed that when e/d ratios were 3.52, 2.82 
and 2.42, while Type-1 specimens exhibited net-tension failure mode, Type-2 specimens produced bearing failure 
mode. Considering that net-tension failure mode is more severe than the bearing failure, it can be said that Type-2 
specimens performed better than Type-1 in terms of failure modes. 
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3.3 Bearing Strength  
 
The bearing strength of pinned-loaded composite is defined as ıb=P/Dt where P, D and t are explained as tensile 
load, hole diameter and thickness of the specimen, respectively [7, 8]. In some studies, as an alternative design 
parameter, the bearing strength is also calculated as the stress at 4% deformation of the hole diameter ıb4%d=P4%d/Dt
[9]. Figure 3(a) shows the bearing strength of Type-1 and Type-2 composites for w/d ratio of 4.23. The bearing 
strength of Type-1 specimens found to be 20-30 % higher than that of Type-2 specimens. The bearing strength 
difference was around 30% for the w/d ratios of 4.23 and 3.29. In case of having the w/d ratios of 2.82 and 2.37, the 
difference became approximately 20%. The bearing strength of composites manufactured by both method exhibited 
strength decrease with decreasing e/d ratios. On the other hand decreasing w/d ratio also resulted in decreasing bearing 
strength in both types of specimens. The performance of fiber-reinforced composites is governed by the process 
parameters and fabric reinforcement used in the manufacturing. One of the critical parameter for determining the 
quality is the void content in the finished part. Voids have negative effect on mechanical properties, dielectric 
properties, surface finish, etc. In other words, it is beneficial to keep the void content to a minimum. The rollers, 
squeegees and spreaders are commonly used for overcoming this problem. During our manufacturing, all these 
mentioned void removal procedures were applied. However it was not possible to remove all the voids from the 
composite. The reason for having lower bearing strength of Type-2 specimens might be unavoidable void content in 
the final part.  It is known fact that due to nature of hand lay-up technique, the variations at fiber orientations from one 
layer to another, slight thickness differences in final part are possible. This might also contribute in lower bearing 
strength of Type-2 specimens. 
3.4 Maximum force  
 
The maximum force is an important parameter for determining the bearing strength of pin loaded composites. 
Figure 3(b) shows maximum force values for Type-1 and Type-2 composites for w/d ration of 4.23. Maximum force 
sustained by Type-1 specimens was around 5000 N when w/d ratio was 4.23. This number for Type-2 specimens was 
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around 4000 N. Decreasing e/d ratio resulted in decreasing maximum force for both type of composites. For the case 
where w/d ratio was 3.39, Type-1 specimens sustained 5000-6000 N and Type-2 specimens sustained 4000-5000 N. 
Decreasing e/d ratios caused decrease at maximum forces for both types. Type-1 composites with w/d ratio of 2.82 
sustained 6000-7000 N. On the other hand, Type-2 specimens sustained 3500-5000 N. Decreasing e/d ratios again 
resulted in decreasing maximum force for both types. The Type-1 composites with w/d ratios of 2.37 sustained 6000-
8000 N and Type-2 specimens sustained 3000-5000 N. It is clear that decreasing w/d ratios caused increased 
maximum force for both types of composites. The maximum force of Type-1 specimens was always higher than that 
of Type-2 specimens. 
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Fig.3 Type-1 and Type-2 composites with w/d ratios of 4.23 (a) Bearing strength; (b) Maximum force 
3.5 Initial peak value 
Following the linear increase at the beginning, drops at force-displacement histories are usually observed. These 
drops represent the first damage initiation in the composite materials. Once the magnitude of this initial peak force and 
the displacement that causes the first drop are known, composites can only be loaded up to that level. If the cheaper 
manufacturing method is capable of meeting the design requirements, there is no need to use more complex and 
expensive manufacturing techniques. Furthermore, in some sensitive applications, staying in the elastic region without 
creating any permanent deformation might be necessary. Therefore, initial peak force can be considered as an 
important design parameters for pin-loaded composites. 
Initial peak force of Type-1 specimens with w/d ratios of 4.23 was around 3000-4000 N and corresponding 
displacement 0.9-1.2 mm. These numbers for Type-2 specimens were 2000-3000 N and 0.7-1 mm respectively. In 
case of having w/d ratios of 3.39, initial peak forces became 3500-5000 N and corresponding displacements became 
1.1-1.5 mm for Type-1 specimens. The numbers for Type-2 specimens were 2500-3500 N and 1-1.5 mm respectively. 
The w/d ratios of 2.82  resulted in 4500-5500 N initial peak force and 1.5-1.7 mm displacement for Type-1 specimens 
and 3500-4000 N initial peak force and 0.9-1.5 mm displacement for Type-2 specimens. The smallest w/d ratio 2.42  
resulted in 3500-7500 N initial peak force and 1.1-2.2 mm displacement for Type-1 composites and 2500-5000 N 
initial peak force and 1-1.4 mm displacement for Type-2 composites. As it is seen from these results, initial peak force 
of Type-1 specimens was always higher than Type-2 specimens. The corresponding displacements for Type-1 were 
also always longer than that of Type-2 composites. Composites loaded by small diameter pins were damaged at early 
displacements and lower initial peak forces. In opposite, bigger diameters caused damages at higher initial peak forces 
and at longer displacements. 
4. Conclusions 
The manufacturing methods found to be very effective on the bearing failure mode of pin loaded composites. The 
composites manufactured by VARTM performed better than the composites manufactured by Hand Lay-up technique. 
The geometry of the composites also found to be very effective on the performance of both types of composites. 
1. Decreasing e/d ratios and w/d ratios resulted in decrease at sustained load for Type-1 and Type-2 specimens. 
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2. While bearing, shear-out, net-tension and combination (shear + net-tension) failure modes were observed for 
Type-1 specimens, only bearing and shear-out failure modes were observed for Type-2 specimens. 
3. Decreasing e/d and w/d ratios resulted in failure modes in the order of bearing, net-tension, shear-out and 
combination (shear + net-tension) failure modes for Type-1 specimens, bearing and shear-out failure modes for 
Type-2 specimens. 
4. The bearing strength of Type-1 specimens found to be 20-30 % higher than that of Type-2 specimens. Decreasing 
e/d and w/d ratios resulted in decreasing bearing strength for both types. 
5. Decreasing e/d ratio resulted in decreasing maximum force for both type of composites. On the other hand, 
decreasing w/d ratios caused increased maximum force for both types of composites. The maximum force of 
Type-1 specimens was higher than that of Type-2 specimens. 
6. Initial peak force of Type-1 specimens was always higher than Type-2 specimens. The corresponding 
displacements for Type-1 composites were also always longer than that of Type-2 composites. 
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